Rice (Oryza sativa) is predominant in Bangladesh agriculture covering about 9 million hectares of total arable land. It constitutes about 93% of the total cereal production and alone accounts for 20% of the gross domestic product of the country. It contributes 76% of daily calories and 66% of protein intake to general people of Bangladesh (Dey et al., 1996) . Despite such importance of rice in Bangladesh, the average rice yield is only 1.94 t/ha (BBS, 2009) Plant height, number of tillers/hill, grain yield, and yield components parameters varied significantly due to transplanting of rice at variable dates. The optimum time of planting was found to be 4 August compared to other dates of transplanting. Result indicates that this variety planted in optimum time gave higher yield with high quality of rice seed. In comparison to early and late planting, earlier planting of the variety was better as the late planted crops were severely affected by adverse environmental condition during reproductive phase. The poor grain yield in early or late planting was due to higher percentage of spikelet sterility. The varieties responded positively with increment of N levels upto 120 kg N/ha . The higher number of panicles/m 2 , lower percentage of unfilled grain, and heavier individual grain contributed to increase grain yield of this verity. It is, therefore, suggested to transplant BR11 rice in the first week of August in Aman season. The application of N of 100 -120 kg/ha with three splits is optimum for achieving higher grain yield and better quality of rice seed.
Introduction
Australia, China, and Japan where the average yield is more than 5 t/ha (FAO, 1998) . Therefore, it is urgently needed to increase rice yield in order to meet the growing food demand of Bangladesh.
Planting time affects not only growth and productivity of Aman rice but also affects generously on seed quality. Planting time affects seed quality through affecting seed growth and development as it prevail different environmental conditions in the processes of seed development and seed maturation (Castillo et al., 1994) . Seed quality differs even in early, mid and late maturing crops. Sing and Gill (1981) reported that early maturing crops produce poor quality seed because these remain longer time in the field during warm weather although the reverse is true in many other crops.
The potential for increasing rice production strongly depends on the ability to integrate a better crop management for the different varieties into existing cultivation systems (Mikkelsen et al., 1995) . A higher output per unit area also demands considerable amounts of external inputs, such as fertilizers. Nitrogen is the most essential clement in determining the yield potential of rice and nitrogenous fertilizers are one of the major inputs to quality seed production of rice (Mae, 1997) . Both over fertilization and inadequate supply of nitrogen may decrease grain yield and seed quality of rice (Henan and Bacon, 1987) . The degree of seed setting and grain development of T. Aman rice under different planting times and nitrogen application is variable under the condition of soil, season, and the variety use and for T.Aman rice cultivation and the objective was to determine optimum planting time and nitrogen requirement for higher yield and quality seed production and to identify the proper mode of nitrogen application for better seed quality of T. Aman rice variety (var. BR11). (Haider et al., 1991) of Madhupur Tract (AEZ 28).
Materials and Method
The weather of the experimental site was sub-tropical in nature having rainfall in the mid June to mid September with gradual fall in temperature from last week of October. The maximum and minimum temperature was 27.01 and 33.52 0 C, respectively.
There were three sets of treatments in the experiment. First set was planting time of rice viz., 5 July, 20 July, 4 August and 19 August, second set was nitrogen levels viz., 80-100-120-140 kg N/ha and third set was mode of nitrogen application viz., three splits and four splits as top dressing. The design of the experiment was split-split plot where planting times where assigned on main plot, nitrogen on subplot, and mode of nitrogen application on sub-sub plot. Treatments were replicated three times. Unit plot size was 4 m × 3 m. Unit plot and block was separated for irrigation and drainage by 0.5 m and 1.0 m, respectively.
The soil was silty clay loam having bulk density 1.21 g/cc, particle density 2.28 g/cc, soil porosity 47.50%, pH 5.80, organic carbon 0.68%, total nitrogen 0.07%, available P 16.90 mg/kg soil, exchangeable K 0.55 meq/100 g soil, available S 2.78 mg/kg soil and available B 0.19 mg/kg soil.
Thirty five days old rice (var. BR11) seedlings were transplanted on specific dates (treatment wise) using one seedling per hill at a spacing of 20 cm × 20 cm. The crop was fertilized with four levels of nitrogen as per treatments and P, K, S, and Zn were applied as par recommendation for rice (BRRI, 2004) . All fertilizers except urea were applied as basal before the last harrowing during final land preparation. In mode of nitrogen application with three splits, urea was top dressed in three equal splits at 7 days after transplanting (DAT), maximum tillering stage, and the panicle initiation (PI) stage. While in mode of nitrogen application with four splits urea was top dressed at 7 (DAT), maximum tillering stage, the panicle initiation (PI) stage, and 7 days after flowering.
In order to keep the crop weed free the land was weeded manually. The first weeding was done at 15 and second at 30 DAT. Due to the shortage of rain water, irrigation was applied during land preparation, transplanting, and at different crop growth stages to avoid water stress. During crop growth, the field was irrigated to maintain a thin layer (2-3 cm) of water although at maturity no standing water was allowed to stay in the crop field. Insecticides were applied time to time to control insect pest.
Crop was harvested at proper maturity with sickle. Harvesting was done at different dates due to the variation of planting dates. An area of 6m 2 was harvested from the centre of each plot to estimate the grain yield. The harvested samples were threshed using paddle thresher, cleaned the grains, and dried to adjust at 14% moisture content.
For yield attributes, plant height was recorded from 10 randomly selected plants from each plot. The height was recorded from base of the plant to tip of upper most spikelet of the panicle. Total number of hills from 1m 2 area was harvested and the numbers of panicles were counted. Twenty panicles were randomly taken from the sample and panicle length was measured from the neck to the top of the panicle. After counting the panicle number, all spikelets from the panicles were placed in a paper bag that has been properly labeled. The total grains were counted including filled and sterile spikelet. Thousand of grains were randomly selected and dried to 14% moisture content and then weighed in an electrical balance. The harvested seeds of each transplanting time were stored in plastic airtight container for determination of seed quality parameters.
Quality of fresh seed harvested rice seed were assessed by germination test, speed of germination, seedling vigour, seedling length, seedling dry weight, electrical conductivity test, and soluble protein content as per following procedures.
One hundred seeds harvested from different N levels of each planting time were used and replicated four times. Seeds were placed in petridish containing filter paper soaked with distilled water. Then the petridishes were placed in an incubator at 30 0 C till the completion of germination. Seedlings were counted every day and a seed was considered to be germinated as seed coat ruptured and radical came out up to 2 mm in length. Final germination count was made according ISTA (2006) . The speed of germination of seed sample was monitored by counting the germinated seedling at an interval of 24 hours and continued for twelve days. Co-efficient of germination and vigour index were calculated using the following formula (Copeland, 1976) :
Where, A= number of seeds germinated T= Time corresponding to A x = number of days to final count Seedling vigour was calculated from a daily count of germinated seeds until it reached a constant value following the formula given by Maguire (1962 (ISTA, 2006) . Seedling shoot and root length was also measured at the end of the germination test. Ten seedlings from each petridish were harvested and shoot and root length of individual seedlings was measured. The shoot and root were also dried at 70 0 C for 72 hours for determination of seedling dry matter yield.
For electrical conductivity test, 50 seeds were weighed and soaked in 50 ml of de-ionized water for 24 hours at 25±1 0 C (Ali et al., 2005) . After 24 hours, water of the beaker containing seeds was decanted in order to separate the seeds. The leachates conductivity was determined in µs cm -1 by using a conductivity meter (Model-CM-30ET). Four replicates of measurements were made for each sample of seeds.
Nitrogen content in the seeds was determined following micro Kjeldahl digestion colorimetric method (Cataldo et al., 1974) at final harvest and protein content was calculated by multiplying the nitrogen content (%) in seeds by a factor of 5.95 (Juliano, 1972) .
All data were subjected to statistical analysis by analysis of variance (ANOVA). Microsoft EXCEL and MSTAT software programmes were used wherever appropriate to perform statistical analysis. Functional relationships among the parameters were established through correlation analysis.
Results and Discussion

Plant height
Transplanting times significantly influenced on plant height of Aman rice (Fig.  2 ). Plant height decreased as the planting time delayed. The tallest plant (127.98 cm) was produced when transplanting was done at the earliest date on 5 July. The shortest plants (115.35 cm) were found from 19 August. Earlier planted crop received high rainfall and high temperature (Fig. 2) which favoured better growth and enhanced the plant height (Rahman, 2003) .
Applied nitrogen also increased the plant height of Aman rice (Fig. 1) . The tallest plant (127.76 cm) was found with 140 kg N/ha and the shortest (122.79 cm) with 80 kg N/ha. Nitrogen influenced cell division and cell elongation and ultimately increases plant height (Mannan, 2005) . Mode of nitrogen application, however, did not significantly increased height of the variety. 
Tillers per hill
Date of transplanting also exerted significant influence on number of tillers per hill (Fig. 1) . The results revealed that the number of tillers per hill decreased gradually with the advent in planting time. The highest number (11.31) of tillers per hill was observed at 5 July transplanting rice seedling and the lowest (9.67) was recorded from the late planted rice (19 August). The number of tillers per hill decreased in delayed planting as it got lesser time for tiller development (Schnier et al., 1990) .
Number of tillers increased significantly with the increase of nitrogen level. The application of nitrogen promoted the development of tillers. The highest number of tillers per hill (11.00) was produced when the crop was fertilized with 140 kg N/ha and the lowest (10.10) was obtained from 80 kg N/ha treated crop. The results are in full compliance with those of Maske et al. (1997) who reported increased number of tillers per hill with increased nitrogen level. Tillers number per hill was identical in different split of nitrogen application. 
Panicles per hill
Grain yield can be described as the product of the number of panicles per unit area, the number of spikelets/panicle, percentage of filled spikelets, and the mean kernel weight. Each of these components has its own critical period, which is largely influenced by prevailing environment of the crop growing season. Among the yield components, number of panicles is very important for final yield of rice. The results presented in (Fig. 2) indicated that planting times significantly affected the number of panicles/hill. The highest number of panicles per hill (10.11) produced on 4 August transplanted rice and the lowest (7.93) was on 19 August planted rice. It is observed that the number of panicles per hill gradually increased till 4 August planting and it decreased beyond that date. Singh et al. (2002) also observed similar response in number of panicles/hill in late planting rice. Number of panicles/hill varied significantly due to different levels of nitrogen application. The number of panicles/hill increased with the increase of N rates upto 140 kg N/ha (Fig. 3) . The highest number of panicles/hill (9.76) was produced when the crop was fertilized with 140 kg N/ha and the lowest (9.00) was obtained from 80 kg N/ha. Adequate supply of nitrogen probably favoured the cellular activities during panicle formation which led to increased number of panicles per hill (Khush 1996) . Number of panicles/hill did not vary significantly due to variation of mode of nitrogen application.
Grains per panicle
The number of grains per panicle varied with the variation of dates of planting of the variety (Table 1) . Crops planted in August 4 produced the highest number of grains/panicle (131.42) and the lowest number of grains/panicle (117.04) was found from rice planted in 5 July. Better growth of the variety of 4 August transplanting might increase panicle length which beared the highest number of grains per panicle.
The number of grains/panicle also varied significantly due to applied nitrogen. The number of grains/panicle (130.63) increased with the increase of nitrogen up to 120 kg N/ha which was identical to 140 kg N/ha. It might be due to the application of higher doses of nitrogen which produced more biomass and translocated to grain development. Mode of N application, however, showed insignificant effect on grains per panicle.
Unfilled grains per panicle
Number of unfilled grains/panicle differed significantly due to different dates of transplanting of aman rice. The highest number (34.91) of unfilled spikelets/panicle was recorded on 19 August transplanting and the lowest (16.56) was observed in 4 August transplanting (Table 1 ). The highest number of unfilled grains/panicle in the late planted crop was the resultant of adverse effect of low temperature which might have caused spikelet sterility. Generally, rice flowers open about 10 to 12 hours and the minimum temperature of 22 0 C may be experienced during anthesis (Yoshida, 1981) . Such, low temperature causes delaying of flowering, failure to produce anthers, poor filling of grain and higher grain sterility. Further, crop planted on 19 August lodged due to strong wind at grain filling stage which enhanced sterility of the variety. A significant difference in number of unfilled grains/panicle was found due to different levels of nitrogen. The maximum number of unfilled grains/panicle (27.30) was recorded from 140 kg N/ha and the lowest was observed (21.48) from 80 kg N/ha. The highest number of unfilled grains/panicle at 140 kg N/ha indicates that this level of nitrogen was probably a case of over dose of nitrogen. The highest dose of nitrogen application increased tallness of plant that enhanced lodging during grain filling stage resulting in higher spikelet sterility. In this context, increase in split application of nitrogen reduced the sterility of rice. Four split application of nitrogen reduced (29.11%) sterility over the three split. 
Filled grains per panicle
Number of filled grains/panicle was significantly influenced by date of transplanting. The highest number of grains/panicle (111.05) was observed in 4 August transplanting of rice. After that it decreased drastically and the lowest number of grains/panicle was found (94.02) on 19 August transplanting rice (Table 1) . Such variability in filled spikelets/panicle is expected as number of filled spikelets/panicle is dependent on many factors, such as genotypes, cultural techniques used, soil and growing environment of the crop (Baloch et al., 2006) . In present study, cultural technique like different planting times allowed the crop to complete its life cycle under a wide range of environmental conditions which might have influenced on number of filled spikelet/panicle of the variety over the planting times. Number of filled grains/panicle also varied significantly due to differences in nitrogen level (Table 1) . Increased level of nitrogen significantly increased the number of filled grains/panicle upto 120 kg N/ha. The highest number of filled grains/panicle (109.15) was recorded in 120 kg N/ha followed by 140 kg N/ha and the lowest (92.98) was recorded from 80 kg N/ha. Adequate supply of nitrogen contributed to grain development which probably increased number of filled grains/panicle. Further increase in applied nitrogen (140 kg N/ha) reduced number of filled grains/panicle due to luxariant vegetative growth of the crop. The present results explicitly confirm results obtained by Chander and Pandey (1996) .
Filled grains/panicle of the variety increased with four split of nitrogen application. The number of grains/panicle and the nitrogen content of plant leaf before heading is closely related. Sufficient nitrogen is required during the grain filling stage of rice as carbohydrate produced at this stage is mostly translocated to grain. Perhaps, application of N at 7 days after heading in 4 splits maintained better leaf N content and subsequently leaf photosynthesis which increased filled grains per panicle.
1000-grain weight
Thousand grain weight of rice varied due to the variation of transplanting date (Table 1) . As the planting delayed grain weight decreased, particularly when planted beyond 4 August. Probably due to late planting the grain filling was hampered that decreased individual seed weight. The highest 1000-grain weight (24.83g) was obtained from 4 August transplanting and the lowest 1000-grain weight (22.51 g) was recorded in 19 August transplanted rice.
The effect of different nitrogen levels on 1000-grain weight was significant. The bolder grain (23.56g) was found at 120 kg N/ha and the smaller (22.82g) at 80 kg N/ha (Table 1) . Similar result was also found by Mondel et al. (1987) and concluded that the 1000-grain weight increased with the increasing of nitrogen rate although there is little opportunity to improve this parameter through agronomic management.
The 1000-grain weight, however, was influenced significantly when 4 splits of nitrogen was applied. It might be due to nitrogen top dressing atfter 7 days of heading that favoured absorption of nitrogen efficiently to increase grain number as well as grain size. Top dressing at 7 days after heading of rice gave maximum 1000-grain weight as 4 splits of N maintained continuous supply of N which might favour better seed growth and subsequently bolder seed size (Singh, 1998) .
Spikelet sterility
The percentage of spikelet sterility varied significantly due to the variation of planting dates (Fig. 6) . The highest percentage (37.13%) of spikelet sterility was observed when the crop was transplanted on 19 August. The least number of spikelets sterility (14.91%) was recorded from the crop planted on 4 August. Both early and late planted crop showed higher percentage of spikelet sterility. The early planted crop experienced lodging at flowering to grain filling stage resulting higher percentage of spikelet sterility. Contrarily, late planted crop being adversely affected by low temperature during flowering stage which result in increase in sterile florets or unfilled spikelet. The results are in agreement with those of Shihua et al. (1991) in other varieties of rice. Spikelet sterility was significantly influenced due to the applications of nitrogen (Fig. 6) . The highest sterility (26.51%) was found from the crops which received the highest amount of nitrogen (140 kg N/ha) that was identical to spikelet sterility observed in the crop fertilized with 80 kg N/ha . However, mode of N application reduced spikelet sterility where the lower spikelet sterility (21.91%) was recorded when 4 splits of N was done.
Interaction effect
Interaction effect of planting time, nitrogen level, and mode of nitrogen application on number of filled grains/panicle was significant ( Table 2 ). The lowest number (84.44) of filled grains/panicle was found on 19 August transplanting when fertilized with 80 kg N/ha. The highest number (120.39) of filled grains/panicle was observed on 4 August planting rice fertilized with 120 kg N/ha. This might be due to availabitility of better solar radiation associated with optimum temperature during grain growth of rice.
Crop transplanted on 5 July experienced more period of cloudy hours per days (Fig. 5 ) during reproductive phase and thereby created adverse effect on fertilization and number of filled grains per panicle. Thus the number of filled grains/panicle of earlier planted crop was significantly lower than those under 4 August transplanted rice. Late planted crop also produced lower number of filled grains/panicle. Application of higher level of nitrogen (120 kg N/ha), however, significantly improved the number of filled grains/panicle even under late transplanted condition. Adequate supply of nitrogen contributed to grain development which probably increased the number of filled grains/panicle at increased nitrogen levels under such planting condition. The present results confirmed the results reported by Chander and Pandey (1996) .
Interaction effect of applied N and mode of N application on filled grains/panicle showed that the highest number of filled grains/panicle (110.08) was found when the crop was treated with 4 splits of N at the rate of 120 kg N/ha. Nitrogen top dressing during the late phase of reproductive growth contributes to sink size development by decreasing the number of degenerated spikelets and increasing the hull size as well as partitioning more assimilates to developing more filled grains per panicle (Mae, 1997) . Means in a column, followed by same small letter (s) and in row, by same capital letter do not differ significantly by DMRT at 0.05 levels.
Grain yield
Grain yield was significantly influenced by interaction of planting time, nitrogen rates, and mode of N application (Table 3 ). The highest grain yield (5.50 t/ha) was found from 4 August transplanted crop fertilized with 120 kg N/ha at 4 splits of N application. The highest grain yield obtained from 120 kg N/ha with 4 split of N might be due to the cumulative effect of highest number of panicles/hill, filled grains/panicle, and bolder seed size. Top dressing of N after heading is one way to prevent rapid decline in leaf N concentration and leaf photosynthesis to reduce sterility percentage (Wada et al., 1986) . In the present study, number of filled grains/panicle and seed size increased by an additional top dressing of N done at 7 days after heading.
The lowest grain yield (1.87 t/ha) was obtained from 19 August transplanting with 80 kg N/ha when 3 splits were done. In late transplanting, lower amount of nitrogen application decreased the number of panicles/hill and increased unfilled grains per panicle resulting decrease in grain yield of rice. Grain yield decreased at the highest level (140 kg N/ha) of N application. Yield of rice decreased with increased level of nitrogen application in wet season was also reported by Salam et al. (2004) . It was assumed that excessive vegetative growth and lodging after flowering increased spikelet sterility which was major reason for lower yield of Aman rice under higher level of N application. The results are in agreement with the findings of those of Kropft and Splitters (1991) where grain yield was reduced due to increase unfilled grain per panicle. Means in a column, followed by same small letter (s) and in row, by same capital letter do not differ significantly by DMRT at 0.05 levels.
Soluble protein
Total soluble protein of freshly harvested rice seed was significantly influenced by planting time, N level, and mode of N application (Table 4) . Total soluble protein ranged from 5.12 to 9.27 mg/g, which is in agreement with the findings of Sinclair and De Wit (1975) seed. The highest total soluble protein (9.27 mg/g) was estimated from the seeds of 4 August planted crop fertilized with 120 kg N/ha. 4August 6.04aD 6.40bD 6.69bD 7.24aC 6.78bD 9.27aA 7.80bC 8.38aB
19August 5.12bC 5.64cC 5.68cC 6.14bB 6.35bB 6.77dB 6.90cB 7.50bA
Means in a column, followed by same small letter (s) and in row, by same capital letter do not differ significantly by DMRT at 0.05 levels.
Conclusion
Treatment receiving 4 August was the best in recording the number of filled grains (113.05/panicle) and 1000-grain weight of T.Aman rice. Among the nitrogen treatments, 120 kg N/ha produced the highest number of filled grains/panicle as well as heavier 1000-grain weight of T.Aman rice. On the other hand, 4 split applications produced the highest value of different important parameters of the crop.
